INTRODUCTION
The flexural capacity of a reinforced concrete beam with lapped joints within a tension reinforcement under load with respect to the bond between concrete and the reinforcement is a real source of concern as it is very important to the overall strength and safety of the reinforced concrete beam (Cairns, J., 2016) . Since most design codes (Eurocode, American Concrete institute etc) specify various requirements for the design of the minimum required lap length for a certain reinforcement bar diameter. Several factors have been attributed to the failure of the lap joints such as inadequate concrete cover, bond between concrete and reinforcement, lap lengths, concrete compressive and tensile strength (Lagier et al., 2015) . This identified factors are also in line with the requirements as specified by Eurocode 2. However, the conservative nature of EC2 requirements for the design of column compression lapped joints have been recently questioned by several researchers through laboratory experiments with many claims of over design (8% more than lap length required) in analysis leading to a marginal increased cost of construction for the designed structure (Cairns T., 2016; . This then prompted a closer consideration into the tension lap length required for a reinforced concrete beam by EC2. Several researchers have embarked on various amount of investigations as to the flexural behaviour and capacity of reinforced concrete beam with laps positioned at the tension reinforcement zone. Although the focus of this research is on EC2 designs, yet it is worthy of note to understand the findings of other researchers, which was carried out mainly as a laboratory experiment using other type of design codes. Mousa (2015) , on the flexural behaviour and ductility of high strength concrete beam with tension lap splice using the American code (ACI), found that the bond strength of the lapped reinforcement bars is mainly dependent on the concrete cover, reinforcement lap-length, diameter of reinforcement bar, surface of reinforcement bar, yield strength of steel and the shape of reinforcement lap ends. Abdel-Kareem et al., (2015) confirmed that adequate concrete and reinforcement bar bond is an essential phenomenon in the design of reinforced concrete structures. Studies conducted by Lagier et al., (2015) on the bond strength of tension lap splice specimen in ultra-high performance fibre reinforced concrete using the Canadian design code, suggests that splitting failure in concrete beams due to reinforcement laps could be attributed to inadequate tensile properties of the concrete cover, which is a function of the overall strength of the concrete. The closest to the evaluation of EC2 requirements for lapped reinforcement was carried out by Cairns (2016) on column compression lap joints, discovering that concrete cover is very critical to a column compression lap joint failure and suggests a minimum concrete cover equivalent to the diameter of the main reinforcement bars being used. He also found out that the EC2 is about 8% more than the required for a column compression lap length, thereby raising our curiosity on tension lap length design for reinforced concrete beams.
Previous works on several design codes (ACI, Canadian code and EC2) have all shown that the flexural capacity of a beam with respect to bond strength of the lapped reinforcement is a function of the concrete cover, steel yield strength, concrete strength and reinforcement bar size. Yet very little or no work has been done in evaluating the EC2 lap length designs either as a laboratory experiment or computational research work. However, Islam et al., (2014) successfully carried out a Finite Element Analysis of Steel Fiber Reinforced Concrete (SFRC): Validation of Experimental Shear Capacities of Beams using the ANSYS finite element analysis software (ANSYS, 2014) , and suggested that the shear capabilities of an SFRC structure can be successfully predicted using the FEA analysis. For concrete under point load, splitting crack occurs at compressive stress level under the loading area significantly much higher than in case of line load (Boye et al., 2019) . However, the use of FEA provides near actual behavior of materials such as concrete and cement-soil columns depending on loading conditions (Boye et al., 2018) . Hu et al., (2004) and Al-ta'an et al., (2010) Since most of the identified research are laboratory experiment based, and their results limited to the number of specimens (beam) that where been tested and laboratory conditions surrounding the test (preparation and placement of the concrete, material strength of the reinforcement etc) which is obviously expensive and not sustainable (due to the mass production of concrete). There has been no investigation on the evaluation of the EC2 requirements for tension lap lengths (lo) in a reinforced concrete beam. This research investigates the EC2 tension lap lengths (lo) design in a normally reinforced concrete beam, using the ANSYS software for a finite element beam by simulating a laboratory 4-point beam loading test system under static loading till failure (See Figure 1 and 2) . Without any laboratory work using an innovative and sustainable finite element approach devoid of the rigorous, costly and less sustainable laboratory works. And suggests an expected safety margin (lap length) against flexural failure with regards to their failure load, tensile stress and compressive stress on the reinforced concrete beam for tension reinforcement diameters 10mm, 12mm, 16mm, 20mm and 25mm respectively. The factors utilised in this computational research according to EC2 are the concrete design tensile strength (fctd), reinforcement bar diameter (db), yield strength of the steel (fyk), concrete cover (cd) and the shape of the reinforcement bar (α1). 
EC2 REINFORCEMENT LAP LENGTH DESIGN
The main variables that affects the reinforcement lap length design as stated by EC2 are listed below with the adopted corresponding values for the present study.
• Characteristics yield strength of steel, fyk(500N/mm 2 )
• Diameter of tension reinforcement bar, db(10mm) Taking the 10mm bar as an example, the required lap length, lo (mm) will be calculated using equation 2 as follows: For 1 = 1, (for straight reinforcement bar, (EC2))
Since α2 (0.775)≥0.7 and ≤1.0,the condition is satisfied for α2 , = 2.25 1 2 (Eq 3) Figure 3 shows reinforcement lap-length (lo) for a 10mm reinforcement bar for the sample calculation provided above and Table 1 , shows the corresponding lap lengths of a similar calculations for 12mm, 16mm, 20mm and 25mm reinforcement bar sizes. 
METHODS

Beam description
The dimensional details of the reinforced concrete beams with varying lap lengths are 2600mm length by 250mm high by 150mm wide with a span to depth ratio of 10.4, while the reinforcement layout is designed for the concrete beam to fail in tension. The test beams were simply supported and simulated using a 4-point loading test system. The load impactors are 100mm length by 150mm wide by 25mm thick metal plate on which static loadings will be applied unto. The supports are 50mm diameter by 150mm wide solid cylindrical steel (see Figure 4) , and 6mm reinforcement links were used for all beams at 100mm spacing. The main bars (tension reinforcement) were changed for different lap length and reinforcement bar sizes respectively. Table 2 gives details, while Figure 5 shows a pictorial view of the different calculated cases of reinforcement lap length and bar sizes (12mm, 16mm, 20mm and 25mm) considered in this study. 
Numerical modelling -Finite element analysis
Since this a computational analysis subjected to static loading conditions of a reinforced concrete beam, an understanding of a constitutive model is required to reproduce the real behavior of the investigated structure. Constitutive models describe the material responses to different mechanical and/or thermal loading conditions, which provide the stress-strain relations to formulate the governing equations, together with the conservation laws and kinematic relations (Barbato, 2009; Zhang et al., 2017) ). With reference to concrete, this is essential for proper investigation of the development, magnitude and direction of stress and strain (mechanical behavior) on the investigated material(concrete) under a given load.The main idea about the Finite Element Analysis (FEA) is the breaking down of a structure under analysis into rectangular or triangular elements of constant thicknesses in which the variation of stress and strain on the element can be obtained due to applied static or dynamic loadings (Adams and Askenazi, 1999) . Based on this understanding, the FEA simulation program (ANSYS Workbench) performs series of FEA failure analysis on the identified reinforced concrete beam cases (see Table 2 ) with respect to their varying reinforcement lap lengths. This is carried out under static loading conditions and a keen observation of the resulting stresses on the reinforced concrete beam.
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Element type and properties
The two identified elements used for the simulated test setup are concrete and steel reinforcements (see Figure 4 ). The concrete material is being identified by the simulation programme (ANSYS workbench) as a SOLID 65 element for its analysis. This SOLID 65 element is composed of eight nodal points with three degree of freedom on the x, y and z direction at each nodal point (see Figure 6 ). This programme assumes that the SOLID 65 element is initially isotropic and ensures it has the potential of cracking, crushing and plastic deformation in the three orthogonal directions x, y and z. According to Cashman and Gopal (2014) (Islam et al., (2014) According to (Olubanwo et al., 2017; , compressive strength and elastic modulus of concrete can be obtained from cylindrical specimens of 200mm high by 100mm diameter however, the following values as obtained from EC2 shown in Table 3 will be used as the material properties for SOLID 65 concrete element. The open (βt) and closed (βc) shear transfer coefficient determines the extent and amount of shear distributed across the developed cracks in the tested reinforced concrete beam (Si et al., 2008) . The shear transfer coefficient values range from 0.0 (no shear transfer) to 1.0 denoting a full shear transfer condition. The current research assumed an open shear transfer coefficient (βt) of 0.2, while closed shear transfer coefficient (βc) is 0.8. This programme identifies the reinforcement steel bar as a LINK 180 element and it is a 3-D spar element, which was used in the modelling of the reinforcements within the concrete beam. LINK 180 is a uniaxial tension and compression element with an elastic-plastic response, which is made up of 3 nodes with each nodal point having the ability to move in the three orthogonal directions x, y and z (see Figure 7) . It is also assumed that the temperature of the LINK 180 element varies along the length of the reinforcement bar. This LINK 180 element can be used to model various structural elements such as springs, trusses, sagging cables, links etc.
Latin American Journal of Solids and Structures, 2019, 16(5), e197 8/21
Figure 7: Shows the geometry of LINK 180 element in ANSYS (Cashman and Gopal, 2014) .
The steel reinforcement bar used for this research is assumed to be an elastic -perfectly plastic material and identical in tension and compression, (Hu et al., 2004) . The material property values used in accordance with EC2 can be shown in Table 4 . However, it should be noted that the LINK 180 element is treated as an equivalent uniaxial material smeared through the element section and the bond slip between the steel and concrete is not considered in this research.
Solid modelling of the reinforced concrete beam
This is the first step in the analysis procedure, where a model generation of various parts of the test beam set-up and reinforcement details (Load impactor 1 and 2, Concrete beam, Support 1and 2, Tension reinforcement bars and Links) as shown in Figure 8 are being built using the "design modeler interface" under the static structural analysis (see Figure 9 ). It is worthy to also note that although there are various types of techniques for generating a reinforced concrete model (discrete, embedded and smeared) for finite element analysis. This current research employs the discreet technique (Figure 9c) , which is based on the assumption that the reinforcement in the discrete model utilizes the reinforcement elements that are linked with concrete mesh nodes. This means that the developed mesh for the reinforcement and concrete shares the identical nodes with both reinforcement and concrete occupying the same region (Srinivasan and Sathiya, 2010) . The created model in sub-section 3.2.2 is loaded up into the mechanical interface of the ANSYS Workbench simulation program, while an APDL command (ANSYS Parametric Design Language) is used as a subroutine to link and specify the identified element properties for the concrete and reinforcement (Tables 3 and 4) into the ANSYS Workbench simulation program (Lawrence, 2006) . A contact connection (bonded) is specified between the load impactors 1 and 2 with the concrete beam and supports 1 and 2 with the concrete beam (see Figure 10) . So as to bond the identified elements using their respective nodes at their respective point of contacts. While a meshing condition is applied (using a mesh size of 25mm) to break down each element (Load impactor 1 
Specify suppot condition and apply loading
Though the beam test setup indicates a roller support for the identified supports 1 and 2 (see Figure 11 ). Yet the support conditions in this research will be taken as a pin support (support 1) with no movement in the x, y and z orthogonal directions, while support 2 will be taken as a roller support, where there will be only movement in the xorthogonal direction with no movement in the other directions (y and z). A "displacement" support is used in the ANSYS Workbench simulation program to specify all the constraint conditions (see Figure 11) . The load impactor is loaded by applying a "force" on each of the load impactors (see Figure 12) , while specifying the magnitude and direction of the applied force on the reinforced concrete beam.
FEA-Analysis
Using the APDL solver command (/PREP7), the SOLID 65 (concrete) and the LINK 180 (steel reinforcement) elements are connected using all the nodes of the selected elements with a tolerance of 0.001 for analysis, while the APDL solution command "/SOLU" is applied for final FEA analysis. Figure 13 shows the normal stress result output which provides the ultimate compressive and ultimate tensile stress results for the reinforced concrete beams of case 1 -EC2 Control beam for 12mm, 16mm, 20mm and 25mm reinforcement bar. The failure load (Pf) for the reinforced concrete beams was carried out repeatedly and iteratively by gradually increasing the applied loads on the impactors until the tensile stress in the beam is more than allowable (3N/mm 2 ) as specified for the concrete properties (Table 3 ). with reinforcement bar diameter 10mm, 12mm, 16mm, 20mm and 25mm are all within the tensile stress limit of 3N/mm 2 as presented in Figure 18 . While the reinforced concrete beam for case 1(EC2) control beam using reinforcement bar diameters 25mm failed in compression. It should also be noted that the compression failure experienced by the reinforced concrete beam for case 1(EC2) control beam using reinforcement bar diameters 25mm might be due to overreinforcement of the tension zone, which is largely more than the maximum amount of reinforcement (4%) required for the tension reinforcement in a concrete beam (Draycott, T. and Bullman, P., 2009) . Therefore, since this research is based on loading a reinforced concrete beam to a tensile failure with the test beam reinforcement details designed to fail in tension (Figure 2 ). Further analysis on other reduction cases was discontinued as the beam will require an increase in the reinforced concrete beam sizes, which will defeat our aim of using uniform parameters in the analysis of all the reinforced concrete beams. Figure 18 , 19, 20, 21 and 22 shows the failure loads against the lap lengths for reinforcement bar diameters 10mm, 12mm, 16mm and 20mm respectively. It was discovered that there is a gradual reduction in the failure load for every 5% reduction in lap lengths for all the reinforcement bar diameters. The failure loads obtained for case 1(EC2) control beam was consistent with cases 2, 3, 4 and 5 of 5%, 10%, 15% and 20% lap length reduction for 10mm and 20mm reinforcement bar diameters respectively (see figure 19 and 21) . Also, the obtained failure loads for case 1(EC2) control beam was consistent with cases 2,3,4,5 and 6 of 5%, 10%, 15%, 20% and 25% lap length reduction respectively for 12mm and 16mm reinforcement bar diameters (see figure 20 and 21 ). This observed trend of reduction in failure loads due to lap length reduction could be attributed to the reduction in the percentage amount of reinforcement required within the tension zone of a lapped tension reinforcement (BS EN 1992-1-1:2004+A1:2014). Lagier et al., (2015) suggested that this experienced reduction in failure loads could be attributed to the reduction in bond strength obtained as a result of the interaction between the concrete and the reinforcement bar based on the required contact surface area. Therefore, any reduction in the contact surface area as result of the reduction in lap length will result in the reduction in the bond strength of the lapped reinforcement. An experimental research study carried out by El-Azab and Mohamed (2014) on the effect of tension lap splice on the behaviour of high strength concrete (HSC) beams also recorded that the experienced gradual reduction in failure load could also be due to longitudinal cracks that develops at the tension zone of a reinforced concrete beam with lapped reinforcement which then leads to beam failure. Therefore, a constant monitoring of the crack propagation is advised. El-Azab and Mohamed (2014) also suggested that the use of fibres as an additive in the concrete mix will reduce the propagation of cracks which will ultimately increase the failure load of the reinforced concrete beam. 
Effects of failue load on lap length reductions
Effects of change in reinforcement bar diameter
The relationship between reinforcement bar diameter (db) and tension lap length (lo) shows that a linear relationship exists between the reinforcement bar diameter (db) and the lap length (see Figure 23 ). This means that for every increase in steel reinforcement bar sizes, there is a corresponding increase in the obtained tension lap length for a reinforced concrete beam. It can also be suggested that the steel reinforcement diameter sizes possess an effect on the overall tensile strength of a reinforced concrete beam. Balazs et al. (2014) also corroborated the above findings based on their various researches which suggests that steel reinforcement bar sizes exert a significant influence on the tension lap length, which is a function of its lap strength. This is however opposed to compression lap lengths, where the steel diameter does not have a considerable influence on the compressive strength of a reinforced column because steel is very good in tension and weak in compression, while concrete is good in compression and weak in tension (Cairns, 2016) . 
Choice of optimum lap length (lo)
With regards to the obtained failure load in this research on the safety lap zones (see Figure 19 , 20, 21 and 22), it indicates that the reinforced concrete beam will fail for any percentage reduction in lap length for steel reinforcement diameters 10mm and 20mm more than 20% resulting in an optimum lap length of 337mm and 837mm respectively. While failure will only occur in a reinforced concrete beam for any percentage lap length reduction more than 25% for 12mm and 16mm steel reinforcement bar diameters resulting in an optimum lap length of 410mm and 597mm respectively (see Table 5 ). However, a chosen optimum lap length with a 5% safety factor in comparison with the obtained optimum lap length without 5% safety factor and the control (EC 2) lap length was identified (see Figure 24 ). This introduced 5% reduction for the chosen optimum lap length is to serve as a design safety for the overall design as certain critical checks such as bond strength of the lapped section, bond slip failure etc. was not carried out during the FEA analysis by ANSYS due to its limitations on these identified checks.
Validation of the analysed FEA reinforeced concrete models
The flexural behaviour and progressive failure of the beam section shown in Figure 25 (a) can be described using the Moment-Curvature graph in Figure 25(b) . As the applied load increases, it increases the applied moment which induces curvature on the beam. As seen, four distinct stages are identified based on the elasto-plastic deformation of the singly reinforced composite beam. For the un-cracked section, stage 1, the composite material behaves elastically and the strain definition is given by:
For stage 2, concrete cracks in tension as the applied moment (MApp) attains the cracking moment (Mcr), tensile steels and concrete in compression in zone are still within their proportionality limits and the strain definition is given by:
For stage 3, concrete in tension zone is assumed lost due to crack propagation, thus only tensile steels acts in composite with the concrete in compression zone to provide resistance against the applied moment, and the strain definition is given by:
For stage 4, , ≫ , the tensile reinforcing steels behave non-linearly, and Whitney rectangular stress distribution can be assumed, such that the nominal or ultimate moment:
(Eq 9)
Where, , = strain in concrete in tension; = strain in concrete at rupture; , = strain in steel in tension; = yield strain of steel; , = strain in concrete in compression; , = strain associated with proportional limit of concrete; , = force in tensile steels; = force in concrete in compression zone and = lever arm.
In this numerical investigation, beam was loaded to stage 3 of Figure 25 (b) described above, hence analysis based on transformed area method was employed to verify the numerical results. The following analytical steps were implemented for each reinforcing diameter:
1. Determination of the neutral-axis from the top fibre of the beam using the expression: (Eq 12)
Where, = depth of neutral-axis from the top fibre, ƞ = = ; , = Allowable stress in concrete in compression zone. The results presented in Table 6 and Figure 26 show that the estimated theoretical moments are very similar to the moments obtained in the numerical studies both in magnitude and trend. 4. The results also suggest that the steel reinforcement diameter sizes possess an effect on the overall tensile strength of a reinforced concrete beam. This is however opposed to compression lap lengths, where the steel diameter does not have a considerable influence on the compressive strength.
5. The investigation indicates that the reinforced concrete beam will fail for any percentage reduction in lap length for steel reinforcement diameters 10mm and 20mm more than 20% resulting in an optimum lap length of 337mm and 837mm respectively; while failure will only occur in a reinforced concrete beam for any percentage lap length reduction more than 25% for 12mm and 16mm steel reinforcement bar diameters resulting in an optimum lap length of 410mm and 597mm respectively.
6. The flexural capacities of a reinforced concrete beam can be predicted using numerical method based on FEA program.
7. The main factors which influences a design lap length in accordance with EC2 are as follows:
• Characteristics yield strength of steel, fyk
• Diameter of tension reinforcement bar, db
• Ultimate uniaxial tensile cracking strength of concrete, fctd
• Concrete cover, cd
